Objective: Evaluate axial mesiodistal inclinations of the mandibular molars in orthodontically treated cases, analyzing whether inclusion of second mandibular molars in treatment mechanics has any influence on final and postretention molars angulations.
INTRODUCTION
The importance of appropriate mesiodistal teeth angulation in orthodontic patients has been emphasized by many clinicians. In 1972, Andrews reported that tooth angulation is one of the 6 keys to be evaluated in ideal static occlusions. 1 It has been reported that the final spatial orientation of each tooth should be such that it can best withstand the forces during function. Corrected angulation is universally accepted, and other several related parameters have been studied. These include periodontal health, 1,2,3 even distribution of occlusal forces through contact points, tight posterior occlusion, no spaces as well as retention and stability of orthodontically closed extraction sites. 1, [4] [5] [6] [7] The American Board of Orthodontics has included assessment of mesiodistal angulation in panoramic radiographs as a parameter for evaluating finished cases for orthodontists aspiring to be board diplomate.
Adequate mesiodistal teeth angulations with roots parallel to each other are frequently mentioned in the literature 1, 3, 8, [9] [10] [11] [12] [13] as a fact that not only improves teeth alignment stability in their apical bases, but also allows normal maxilomandibular occlusion. 6 Moreover, an adequate mesiodistal positioning allows a uniform distribution of occlusal forces through contact points and contributes to overall treatment stability. 3, 6, 10 Given the importance of appropriate mesiodistal teeth angulation in orthodontic patients regarding quality and stability of treatment, the authors aimed to investigate the influence of mandibular second molars inclusion in orthodontic mechanics on final and postretention molar angulations.
MATERIAL AND METHODS

Material
The sample comprised 150 panoramic radiographs of 50 young patients of both genders. The radiographs were taken from the files of Pediatric Dentistry, Orthodontics and Public Health Department at University of São Paulo (USP), Bauru Dental School. Each case was evaluated at three stages: pretreatment (T 1 ), posttreatment (T 2 ) and after a minimum of 3 years of follow-up (T 3 ).
When selecting the sample, the following inclusion criteria were applied: cases initially presenting Class I or Class II malocclusion, treated with fixed Edgewise appliances and extraction of four first premolars. All subjects had all permanent teeth erupted except the third molars at the pretreatment stage. Other inclusion criteria were patients with no history of previous interceptive orthodontic treatment, absence of root dilaceration or mandibular skeletal asymmetries.
After active treatment, all patients wore a modified Hawley retainer in the maxillary arch, full time for the first 12 months and during sleep for the next 6 months. A lingual canine-to-canine mandibular bonded retainer was placed and left for a mean period of 3 years.
Methods
The sample was divided into two groups: » Group 1: 25 patients (14 female; 11 male) in whom the mandibular second molars were not included in treatment mechanics. » Group 2: 25 patients (15 female; 10 male) with mandibular second molars included in treatment mechanics.
The mean pretreatment age was 13.29 ± 1.44 years for Group 1 and 12.95 ± 1.26 years for Group 2. The mean treatment, retention and postretention evaluation times of each group are shown in Table 1 .
First and second molar angulations were evaluated with panoramic radiographs (orthopantomography) traced manually by a single investigator, in acetate paper (Ultraphan Paper ® , Berlin, Germany). 
Tracing method
The tracing procedure of the initial, posttreatment and postretention radiographs was conducted in four phases: a) Delineation of dentoskeletal structures; b) Definition of reference points; c) Definition of horizontal and vertical reference lines; d) Measurement of tooth angulation (Fig 1) .
a) Delineation of dentoskeletal structures:
The external outline of the mandible, mental foramen, and outlines of mandibular first and second molars roots and crowns were traced.
b) Definition of landmarks:
The definition of the landmarks was performed as proposed by Tavano et al: axes of the mentioned teeth were determined as the mean of the images of mesial and distal root canals 13 .
d) Angles measurement:
The angles formed by the Intermental line (IL) and the long axes of the first and second mandibular molars were then measured (Fig 1) .
Statistical analyses
Statistical analysis was performed with Statistica software (Statistica for Windows, version 7.0, StatSoft Inc).
To avoid type I error (probability of accepting the alternative hypothesis H1 and be wrong) sample was calculated considering α = 5% (type I error), β = 20% (type II error), an estimated variability (s) of 5 degrees and a minimum detectable difference (d) of 5 degrees.
In each group, means and standard deviations for the mesiodistal inclination of the four evaluated teeth (left mandibular first molar-36; left mandibular second molar-37; right mandibular first molar-46; and right mandibular second molar-47) were determined. The intragroup comparison of these variables at the three observation stages was performed by one-way dependent ANOVA and Tukey tests as a second step. For intergroup comparison, t-tests were used. Prior to the use of ANOVA and t-tests, analyses of data normality and homoscedasticity of the groups was performed with Kolmogorov-Smirnov and Levene tests, respectively.
Method error
Within a week interval from the first measurement, 30 randomly selected radiographs were retraced and remeasured by the same examiner. The random error was calculated according to Dahlberg's formula (Se 2 = Σd 2 /2n) and the systematic error was calculated with dependent t-tests, for p<0.05.
RESULTS
Results for power analysis showed that a sample with 23 patients in each group would give a 80% ability to detect differences, whereas a sample comprising 26 patients in each group would give 85%.
Results for the data distribution evaluation performed by the Kolmogorov-Smirnov test showed p > 0.05 for both groups, for all variables evaluated, indicating that the data had normal distribution. Levene test was used to verify homoscedasticity. All results exhibited p> 0.05 for both groups, during the three stages evaluated. Thus, it was concluded that there was homogeneity of variables and that the ANOVA test could be applied for intragroup analysis.
The results for intragroup comparison in Group 1 (#37 and #47 teeth not included) demonstrated no statistically significant differences between the mean values for the mesiodistal inclinations of the teeth (36, 37, 46 and 47) at Influence of treatment including second molars on final and postretention molar angulation original article random and systematic errors were within acceptable parameters, thus, not influencing the results and conclusions of the present study.
The methodology of this study was based on previous researches 9, 13, 14 that also used panoramic radiographs to obtain tooth angulation measurements. Panoramic radiographs are ordinarily used in orthodontic practice to provide significant information about teeth, axial inclinations, maturation periods, and surrounding tissues. 8, 12, 13, 19 Some authors suggest that dental axial inclinations be radiographically checked at the beginning and end of orthodontic treatment. 3, 5, [7] [8] [9] [10] 13, 16, 17, 19 Panoramic radiographs may be the technique of choice since it provides significant amount of diagnostic information obtained by viewing all teeth as well as the basal bone at once. In addition, it is the best option to evaluate teeth axial inclinations and root parallelism after orthodontic treatment. 2, [5] [6] [7] 11, 12, 13, 15, 17, 24 As occurring in other radiographic methods, the dimensions of structures in panoramic radiographs can be magnified 5, 7, 8, 11, 12, 13, [15] [16] [17] [18] [19] and due to distortions, horithe three evaluated stages. On the other hand, results for the intragroup comparison in Group 2 (#37 and #47 teeth included) demonstrated significant uprighting of mandibular first and second molars throughout treatment, which remained stable during the postretention stage (Table 2) . Intergroup comparison demonstrated that Group 2 presented the first and second molars significantly uprighted in relation to Group 1 at both posttreatment and postretention stages (Table 3) .
No significant systematic errors were detected and the major random error was of 1.27 degrees for the left mandibular first molar mesiodistal inclination.
DISCUSSION
Throughout this research, significant efforts were expended in order to minimize, or at least control the errors deriving from the procedures involved in panoramic radiograph tracings, demarcation of landmarks and measurement of the variables investigated. Knowledge of the methodology precision provided more reliable results. It was observed that the results obtained for comparison demonstrated significant uprighting of mandibular first and second molars during treatment, which remained stable at the postretention stage (Table 2) . Regarding the assessment of changes in mesiodistal dental inclination as a result of orthodontic treatment, there are few studies that could be used for comparisons, and most of them are related to patterns of normal occlusion.
In an attempt to establish a basis for quantitative evaluation of mesiodistal axial inclinations of permanent teeth after orthodontic treatment, Ursi et al 13 conducted a study that determined the normal mean values for dental angulations through panoramic radiographs. For the authors, the mesiodistal root angulations of high quality orthodontic treatment exhibited in the final panoramic radiographs should be similar to normal occlusion values. In the present study, it was noted that the mean values obtained for the mesiodistal inclinations of the teeth (36, 37, 46 and 47) at posttreatment and postretention phases in Group 2 (with inclusion of the second molars) were closer to the normal values proposed by Ursi et al. 13 In 2002, Brandão 9 evaluated if alterations in the mesiodistal axial inclination of the mandibular anterior teeth would present any influence in the relapse of their crowding. The panoramic radiographic and dental casts of each patient were evaluated at the beginning (T 1 ), at the end (T 2 ) and five-year posttreatment (T 3 ) phases. Results showed that the mesiodistal axial inclinations of the teeth at the beginning of treatment were different from those observed in normal occlusion cases in 85% of the evaluated teeth. However, 45% of the teeth at the end, and 55% at the five-year posttreatment phase showed mean values similar to those of normal occlusion. Evaluation of mesiodistal axial inclination stability at the five-year posttreatment phase demonstrates that 75% of the teeth proved to maintain the angulation obtained at the end of the treatment, regardless of being similar or not to the normal values. The changes in the mesiodistal axial inclination between T 2 and T 3 did not influence the relapse of mandibular anterior crowding.
In 2006, Almeida-Pedrin et al 8 evaluated, through panoramic radiographs, the mesiodistal axial inclinations of the maxillary anterior teeth at the beginning and end of nonextraction orthodontic treatment. The experimental sample comprised 40 Caucasian patients who were treated orthodontically with a standard Edgewise technique, without extractions. The mesiodistal axial inclinations of the maxillary anterior teeth of zontal measurements are unreliable. 17, 19 In this study, panoramic radiograph magnification did not influence the results, as the same radiographic equipment and similar techniques were used for both groups. Thus, when Groups 1 and 2 were compared, the possible influence of this variable was eliminated.
Accuracy of tooth length and angulation measurements on panoramic radiographs is thought to be highly dependent on head positioning technique. 18, 20 Stramotas et al 18 noted a significant error (p < 0.05) in such measurements when the occlusal plane was tilted up anteriorly by 8 degrees. A lateral cant of the occlusal plane less than 10 degrees without an upward anterior rotation showed no significant effect on the measurements. Regarding angular measurements, the literature reports that the analysis of dental angulations through panoramic radiographs can be performed with good reliability 8, 11, 12, 13, 15, 17, 18, 19 and that there is some tolerance of variation in head position. 18 During the radiographic examination, all patients who comprised the sample were positioned with both the occlusal plane parallel and the sagittal plane perpendicular to the ground.
Recent studies have compared the accuracy of assessing mesiodistal root angulations with posttreatment panoramic radiographs and with cone-beam computed tomography (CT). The results show that CT is the most accurate method for assessing dental angulation. 21, 22 Thus, assessment of mesiodistal tooth angulations with panoramic radiograph should be approached with caution and reinforced by a thorough clinical examination of the dentition. 23 However, due to economic as well as biological reasons, CT should not be considered for clinical routine, but rather only for mesiodistal root angulations evaluation, before, during or after orthodontic treatment. The use of panoramic radiograph as data source may be considered a limitation of this study. The use of CT could result not only in a more accurate assessment of the mesiodistal root angulations, but it could also enable tridimensional evaluation of the teeth. Another limitation of this research is the fact that it evaluated the mandibular molars changes, only.
Results of Group 1 (#37 and #47 teeth not included) intragroup comparison demonstrated no statistically significant differences between the mean values for the mesiodistal inclinations of the teeth (36, 37, 46 and 47) at the three evaluation stages (T 1 , T 2 and T 3 ) ( Table 2) . However, results of Group 2 (37 and 47 included) intragroup
Influence of treatment including second molars on final and postretention molar angulation original article the experimental group at T 1 were different from those of the control group for 50% of the evaluated teeth. In contrast, the inclinations at T 2 were consistent with the normal anatomical configuration of the controls. The authors concluded that panoramic radiograph is an effective tool for evaluating the mesiodistal axial inclinations of maxillary anterior teeth.
In 2009, Sella et al. 25 compared the normal mean values of mesiodistal axial angulations, proposed by Ursi et al, 13 with mesiodistal axial angulations of canine teeth, premolars and inferior molars in individuals aged between 18 and 25 years old, with and without the presence of the mandibular third molars. The authors concluded that the groups presented similar angular values for the canine teeth, premolars and inferior molars in such a way that the presence of the third molars did not influence dental angulations.
The intergroup comparison (Table 4 ) demonstrated statistically significant differences with regards to mesiodistal inclinations of mandibular first and second molars at T 2 . Patients with mandibular second molars included in treatment mechanics presented mandibular first and second molars more uprighted. At T 3 , mesiodistal inclinations of the molars remained significantly different between groups, except for the mean values for angulation of mandibular right second molars (#47 -T 3 ) that, despite not statistically significant (p = 0.05), were, on average, approximately 5 degrees more uprighted in comparison to Group 1. There are some limitations hindering comparison between these intergroup results with other studies, namely: the nonexistence of previous studies with similar objectives in the literature and their methodological differences. However, based on the results of this research, it may be inferred that the inclusion of second mandibular molars in orthodontic mechanics benefits not only the mandibular second molars, but also first molars uprighting, as the mandibular first molars in Group 2 were more uprighted at posttreatment and postretention stages (Tables  2 and 3) . Additionally, the results suggest that the inclusion of second molars in orthodontic mechanics probably consists in a distal support that improves first molar uprighting.
There are some doubts and controversies about the necessity of second molars inclusion during orthodontic treatment. Two of the major goals of treatment consist in leveling the curve of Spee and correcting overbite. Thus, nothing is more rational than using the second molars to provide an anchorage that allows anterior teeth 
CONCLUSION
Inclusion of mandibular second molars in orthodontic mechanics is relevant not only for the correction of mandibular second molars mesiodistal inclination, but also for first molars uprighting.
